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FRODUCED BY NATURAL ICING CONDITIONS

By William L. Kepple

SWMARY

A Plight investigatlon was made to determine the effect of
digtance flown in the 1cing reglon, antemma length, and antenns
angle on the tension cccurring in alrcraft antennss while in
regions of alroreft icing.

The experimental antennas were of lengths ranging from 15 to
43 feet and were placed at angles of 0° to 64° with the airplane
thrust axis. . Distances up to 256 mliles were flown in diverse
icing conditions at true airspeeds from 157 to 214 miles pexr hour
and pressure altltudes st which ilcing conditlions were encountered.

The results Indicate that: The effect of lce formatlon on
antenns tensilon increased wlth the angle of the antennas with the
longitudinal axlis of the airplane. The maximum tenslon for
anternas having angles from 0° to 15° was 68 pounds, whereas the
maximum tension for antemnas having angles of 44° and 64° was
274 and 438 pounds, respectlively.

INTRODUCTION

The current use of improved airplane lce-prevention equip-
ment has extended operations in lcing conditions and thus accen-
tuated the need for protecting alrcraft antennas against structural
fallures resulting from lce accretions. A flight investigation
was therefore conducted at the HACA Cleveland laboratory to deter-
mine the tension in gircraft antenmnas produced by ice formatloms.

The investigation was conducted in natural icing conditlons
over a range of true alrspeeds from 157 to 214 miles per hour and
altitudes from 3500 to 9500 feet. Seven experimental antennas of
lengths ranging from 15 to 43 feet were placed at angles of 0° to
64° with the thrust axis of the alrplane. The effect of the
following factors on the antenna tension was investlgated: antenna
length, 1ncluded angle between the antermsa and the thrust axis of
the airplane, and distance flown in the lcing reglon.
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APPARATUS AND PROCEDURE

The location of the seven experimental antennsse on the girplane
is shown in figure 1l; the length and the angle of each experimental
antenna are also presented and are listed in the following table:

Antenns Antenns,
angle length
(deg) (£t)
64 40
44 42
15 43
15 32
15 15
8 41 .
0 41

Inasmuch as 1t was anticipated that the tension which would be
imposed on the antennas would exceed the breaking strength of the
ordinary antenns wire, the experimental antennss used were of
1/16-inch diameter, 7 by 7, aircraft-control cable. Turnbuckles
and spring-tension unlts were mounted on the rear of the antennas
(fig. 2) in order to impose a static tension of 30 pounds.

The tension in the antennas waes measured by straln gages
located at the front of the anternas (fig. 3). The strain gages
were temperature-compensating and were sesled in ordexr to keep
them moisture~-free. Xlectrically heated anti-icing boots were
installed around the body of the strain gages. A recording
galvanometer indiceted the tension in the antennas., The strain-
gage system was asccurate to £2 percent.

Multirotating cylinders, as shown in figure 4, were used to
determine the average droplet dlameter, the drop-size distribution,
and the liquid-water content. These cylinders were similar to
those used in reference 1l with minor mechanical modificatiouns.
Pregsure altitude and indicated airspeed were measured by service
instruments and the amblent-air temperature was measured by a
shielded resistance-buldb thermometer.

A serles of four flights was conducted into areas of pre-
dicted icing. Table I presents the meteorological conditions for
the respectlive flighta., The values shown in this table are the
averages of individual values recorded at intervals throughout
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each flight operation. The notation for the drop-size distribution
corresponds to that glven in reference 1, table I, page 6. The
factors that made possible the exlstence and the suspension of
supercooled liquid-water droplets emcountered during the flight
operations are presented in the esppendix.

RESULTS AND DISCUSSION

Photographs of ice configurations on the 8°, 41-foot antenna
and the 159, 32-foot antenns are presented in figures 5 and 6,
respectively, and are representative of ice formations on antennas
bhaving angles from 0° to 15°. Figure 7 ls a photograph, taken in
flight, of the ice formaticn on the 159, 32-foot antenna and the
64°, 40-foot antemna., The ice configurstion on the 64°, 40-foot
antenns is illustrative of configurations collected on the 64°,
40-foot and the 44°, 42-foot antennas during most of the flight
coperations,

The verlation of antenmna tension with distance flown in the
icing region for the antennas is presented in figure 8 for the
four flight operations. The shaded areas on the figures for the
64°, 40-foot and 44°, 42-foot antennas represent the maximm and
nminlmum tenslions produced by whipping. The varlation of antenna
tension due t6 whipping for the 0° and 15° antennas was insignifi-
cant. Figure 8 shows that, in general, for the 44° and 64° antennas,
antenns tension lncreases considersbly with the distance flown in
the icing region; whereas, for the antennas of 15° and less, the
variation of tension with distance is insignifilcent. The change in
the slope of the antenna~tension curve from positive to negative
Indicates that whippling of the sntennas broke off lce formations
and thereby temporarily reduced the antenna tension.

The varistion of antenna tenslon with antenna angle for
antennas of approximately 42 feet 1n length is presented in fig-
ure 9. The tension values presented in this figure were cbtalned
from figure 8. Flgure 9 indicates that the antenna tension
increased wilth increasing antenns angle for antennas of nearly con-
astent length. With increasing angle, the antennas tension increased
elght times faster in the 44° to 649 range than in the 0° to
15© range. The slope of the curve for antenna angles greater than
15° indicetes that the required antenns strength increases rapidly
a8 the antenna angle is increased beyond 15°. The investigation
presented in reference 2 also recommends a limitlng antenna angle
of 15°., The variation of antemns tension wlth antenna leugth
at a constant antenna angle of 15° is presented in figure 10. The
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data were obtalned from flgure 8 and indicate that the tension
increases neerly linearly with antenna length. The maximum ten-~
slon measured for each of the seven experimental antennas during
the four flight operations is given in table II.

SUMMARY OF RESULTS

From an analysis of the tension occurring in aircraft antennas
during flights in regions of alrcraft icing made for antennas with
angles to the thrust axis of the airplane of 0°, 8%, 15°, 44°, and
64° and lengths from 15 to 43 feet, the following results were
obtained:

1. The tension in the 44° and 64° antennas increased consid-
erably with distance flown in the lclng region, whereas the tension
for antenna angles of 15© and less did not increase appreclably
wlth distance flown in the lcing condition.

2. The rate of change of antenna tension with antenna angle
in the 0° to 15° range was one-eighth the rate of change of
antenna tension with antenns angle in the 44° to 64° range. The
glope of the curves of tension as a function of antenna angle
begine to change appreciably above 15°, which indicates that the
required strength of antennas wlll lncresse rapldly if the antenna
angle is increased beyond 15°,

3. Antenna tension varied approximatelj linearly with antenna
length.

4. The maximum recorded temsion for the 0° to 15° antennas
was 68 pounds. The maximm tension for the 44° and 64° antennas
wag 274 and 438 pounds, respectively.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronsutics,
Cleveland, Ohio.

Ges



NACA RM No, E7H26a 5

APPENDIX - METEOROTLOGICAT: HISTORY OF FLIGHT OFPERATIONS

Flight operation 1. - This flight was conducted in a region
having meteorologlcal conditions that resulted from: (1) a conver-
gence of several air masses; (2) the lifting of relatively warm,
moist air over the upper cold frontael surfece; and (3) an unstable
condition in the lower 4800 feet. These factors made posslible the
existence and suspension of supercocled ligquid-water droplets.

Flight operation 2. - Flight operation 2 was conducted in an
area ahead of cold-front weather. The suspension of supercooled
liquid-water droplets was enhanced by the following factors: (1) a
strong convergent alr flow 1ln the deepening pressure system assocci-
ated with the front; (2) a temperature inversion through which a
strong vertical ascent of saturated alr occurred; and (3) the evap-
oration of melting snow plus an unstable lapse rate to the cloud
bass.

Flight operation 3. - The flight was made into a reglon dom-
inated by a deck of altostratus clouds caused by the overrumning of

meritime tropical air over a quasi-stationary continemtal polar front.

The £light was conducted near the northern periphery of the precip-
itation area, in which it appeared that nearly colloldal unstable
conditions existed.

Flight operation 4. ~ This flight was conducted in s
convective-type cloud of limited geographical extent. Strong ver-
tical air motion carried the cloud tops several hundred feet above
the temperature inversion, which was conducive to the suspension
of a large amount of supercoocled water droplets in the cloud.
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TABLE I - FLIGHT AND METEOROLOGICAL VARTABLES

Flight|Distance| Pressure| Ambient- |Droplet aDrop-_ Liguid~
opera-|in icingjaltitude|{air temp-|diameter | size water
tion [region (£t} |erature |(microns)] distri- content
(miles) (°F) bution | (g/cu m)
1 153 3500 26 8 E 0.25
2 115° 3700 25 13 E .30
3 256 9500 20 18 E .21
4 121 5700 21 15 A .28

8See reference 1, table I, page 6.

TABLE II - MAXTMUM ANTENNA TENSION

Flight | Antenna | Anternna| Antenna
opera- | angle length tension
tion (deg) (£%) (1b)

4 64 40 438

4 44 42 274

4 15 43 68

4 15 32 ST

3 15 15 43

2 8 41 56

1 0 41 50

National Advisory Committee
for Aeronautics
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Figure |. - Location of experimental antennas on alrplane and angle and length of antennas.
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C. 18118
3-11. 47

Figure 4. - Multirotating cylinder extended into air stream for collec-
tion of meteorological data.
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Typical ice formation collected on 89, 4l-foot antenna during flight.
to right.
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Figure 6. - Typical ice formation collected on |5°

?

32-foot antenna

during flight.

view looking aft.
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View underneath antennas, locking forward.

Figure 7. ~ Typlical Ice formations collected during flight on [5°, 34-foot antenna and 64°
antenna,
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(a) Flight operation l; pressure altitude, 3500 feet; true
alrspeed, 155 miles per hour; asmblient-air temperature
26° F; liquid-water content, 0.25 grams per cubic
meter; average droplet diameter, 8 microns; 649,
40-foot antenna not installed for the flight operation.
300
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o N 8 41
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(b)

Distance flown in icing region, miles

Flight operatlion 2; pressure altitude, 3700 feet; true
airspeed, 177 miles per hour; amblent-alr temperature,
250 F; liquid-water content, 0.30 grams per cubic
meter; average droplet diameter, 13 microns.

Figure 8. - Variation of antenna tension with distance flown in lcing

region for experimental antennas.
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Distance flown in icling reglon, miles
(¢} Flight operation 3; pressure altitude, 9500 feet; true
airspeed, 214 miles per hour; ambient-air temperature,
20° ¥; liquid-water content, 0.21 grams per cubic meter;
average droplet diameter, 18 microns; data for 4£4%
42-foot antenna not obtained owing to straln-gage fallure.
Figure 8. - Continued. Variation of antenna tension with distance flown

In icing region for experimental antennas.
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Distance flown in ieing region, miles

(d) Flight operation 4; pressure altitude, 5700 feet; true air-
speed, 182 miles per hour; ambient-zir temperature, 21° F;
liquid~-water content, 0.26 gram per cubic meter; average
droplet diemeter, 15 microns.

Figure 8. - Concluded. Vvarlation of antenna tension with distance flown

in icing region for experimental antennas.
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Antenna angle with thrust axis of airplane, deg

Figure 9. - vartation of antenna tension with antenna angle for anten-

nas of 40, 41, 42, and 43 feet in length.

Distance flown in icing

region, 115 mifes.
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Figure 10. -~ Variation of antenna tension with antenna length at an-

tenna angle of [5°,

Distance flown In icing reglon, 115 miles.
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